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(57) ABSTRACT 

Provided is an apparatus and method for collaborative loca 
tion awareness based on weighted maximum likelihood esti 
mation (MLE), which is con?gured to improve accuracy of 
location awareness between nodes in estimating a location of 
a blind node. The method includes exchanging location 
awareness information with a reference node and a location 
estimated blind node among peripheral nodes when location 
awareness is requested, performing location estimation based 
on weighted MLE, performing location calculation by using 
the location awareness information and an estimate obtained 
through the location estimation, and providing location 
awareness results of blind nodes. 
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APPARATUS AND METHOD FOR 
COLLABORATIVE LOCATION AWARENESS 

BASED ON WEIGHTED MAXIMUM 
LIKELIHOOD ESTIMATION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims priority under 35 U.S.C. §119 to 
Korean Patent Application No. 10-2007-0100826, ?led on 
Oct. 8, 2007, the disclosure of Which is incorporated herein by 
reference in its entirety. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present disclosure relates to a location aWareness tech 

nology, and more particularly, to an apparatus and method for 
collaborative location aWareness based on Weighted maxi 
mum likelihood estimation (MLE), Which is capable of 
improving accuracy of location aWareness betWeen nodes in 
estimating a location of a blind node. 

2. Description of the Related Art 
Neal PatWari proposed the Cramer-Rao bound (CRB) and 

the maximum-likelihood estimator (MLE) for location 
aWareness using time-of-arrival (TOA) information and 
received signal strengths (RSS) information betWeen a sensor 
and its peripheral sensors in “Relative location estimation in 
Wireless sensor networks, IEEE Trans. Signal processing, 
vol. 51, no. 8, pp. 2137-2148, August 2003 by N. PatWari, A. 
0. Here III, M. Perkins, N. S. Correal, and R. J. O’Dea”. 

In an algorithm proposed by N. PatWari, the MLE of the 
folloWing Equation (1) is used as an estimate of a location of 
a blind node. 

(1) 

Where, 
6R: coordinate estimate of a blind node using RSS informa 

tion, 
dl-J: Euclidean distance, 
dZiJ: distance calculated based on the path-loss model by 

using the measured RSS information, 
m: number of reference nodes, 
n: number of blind nodes, 
H(i): nodes linked With node i, and 
C: de?ned as the folloWing Equation (2) 

(2) 

6R, Which is the estimate that minimiZes a maximum like 
lihood (ML) function expressed by the above Equation 1, is 
used an estimate of a location of blind nodes. 

In the location aWareness technology proposed in the algo 
rithm by N. PatWari, the location estimation is performed 
basically in equal consideration of reference-node informa 
tion and blind-node information. HoWever, an error is not 
calculated in this algorithm despite the fact that the coordi 
nates of the estimated location of the blind node include an 
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2 
error. That is, even though the related art location aWareness 
algorithm such as the algorithm by N. PatWari includes an 
error of the location estimation in using the blind-node infor 
mation, the error is not considered therein, Which results in 
sensitive reaction to a fading situation of a location estimation 
environment and in deterioration of entire location estimation 
performance. Particularly, severely errored location-estima 
tion may be caused in a speci?c fading environment. 

SUMMARY 

Therefore, an object of the present invention is to provide 
an apparatus and method for collaborative location aWareness 
based on Weighted maximum likelihood estimation, Which is 
capable of improving accuracy of location aWareness 
betWeen nodes in estimating a location of a blind node. 

To achieve these and other advantages and in accordance 
With the purpose(s) of the present invention as embodied and 
broadly described herein, an apparatus for collaborative loca 
tion aWareness based on Weighted maximum likelihood esti 
mation (MLE) in accordance With an aspect of the present 
invention comprises: a transceiving unit con?gured to trans 
mit/receive location aWareness information; a location esti 
mating unit con?gured to perform location estimation of a 
speci?c unit block in a netWork by using Weighted MLE on 
the basis of the location aWareness information; a location 
calculating unit con?gured to calculate a location of a blind 
node by using the location aWareness information and an 
estimate of the location estimating unit; and a location aWare 
ness unit con?gured to perform collaborative location aWare 
ness betWeen the location-calculated blind node and periph 
eral nodes and calculate overall locations of the nodes. 

To achieve these and other advantages and in accordance 
With the purpose(s) of the present invention, a method for 
collaborative location aWareness based on Weighted maxi 
mum likelihood estimation (MLE) in accordance With 
another aspect of the present invention comprises: exchang 
ing location aWareness information With a reference node and 
a location-estimated blind node among peripheral nodes 
When location aWareness is requested; performing location 
estimation based on Weighted MLE; performing location cal 
culation by using the location aWareness information and an 
estimate obtained through the location estimation; and pro 
viding location aWareness results of blind nodes. 
The foregoing and other objects, features, aspects and 

advantages of the present invention Will become more appar 
ent from the folloWing detailed description of the present 
invention When taken in conjunction With the accompanying 
draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying draWings, Which are included to pro 
vide a further understanding of the invention and are incor 
porated in and constitute a part of this speci?cation, illustrate 
embodiments of the invention and together With the descrip 
tion serve to explain the principles of the invention. 

FIG. 1 is a block diagram of an apparatus for collaborative 
location aWareness based on Weighted maximum likelihood 
estimation according to an embodiment of the present inven 
tion; 

FIG. 2 shoWs a collaborative location aWareness algorithm 
according to an embodiment of the present invention; and 

FIG. 3 is a ?owchart of a method for collaborative location 
aWareness based on Weighted likelihood estimation accord 
ing to an embodiment of the present invention. 
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DETAILED DESCRIPTION OF EMBODIMENTS 

An apparatus and method for location awareness according 
to an embodiment of the present invention may be performed 
at a node in a wireless sensor network, particularly, at a blind 
node. That is, an embodiment of the present invention is 
applied to location awareness of a blind node, and accuracy of 
location awareness can be improved by periodically exchang 
ing information between blind nodes as well as by using 
reference-node information. 
As a path-loss model, a path-loss model proposed in “Wire 

less Communications” by Theodore S. Rappaport may be 
used. The path-loss model is express by the following Equa 
tion (3) 

where, 
PM: signal intensity in dBm when a radio frequency (RF) 

signal from node j is received by node i, 
E0: mean reception intensity at distance do, 
n: path-loss exponent, 
X0: normal random variable having a standard deviation of o 

re?ecting a shadowing effect, 
did-z Euclidean distance from the nodes i to j, and 
do: reference distance used when E0 is measured, which is 1 

herein. 
Hereinafter, speci?c embodiments will be described in 

detail with reference to the accompanying drawings. Like 
reference numerals refer to like elements throughout. Accord 
ingly, in some embodiments, well-known device structures, 
and well-known techniques will not be described in detail to 
avoid ambiguous interpretation of the present invention. 

FIG. 1 is a block diagram of an apparatus for collaborative 
location awareness based on weighted maximum likelihood 
estimation (MLE) according to an embodiment of the present 
invention. 

Referring to FIG. 1, a location awareness apparatus 200 
includes a transceiving unit 110, a location estimating unit 
120, a location calculating unit 130, and a location awareness 
unit 140. The transceiving unit 110 is con?gured to receive/ 
transmit information for location awareness (hereinafter, 
referred to as location awareness information). The location 
estimating unit 120 is con?gured to perform location estima 
tion at a speci?c unit block in a network by using weighted 
MLE based on the location awareness information. The loca 
tion calculating unit 130 is con?gured to calculate a location 
of a blind node by using the location awareness information 
and an estimate of the location estimating unit 120. The 
location awareness unit 140 is con?gured to perform collabo 
rative location awareness between the location-calculated 
blind node and peripheral nodes, and to calculate the overall 
locations of the nodes. 
When location awareness is requested, the transceiving 

unit 110 exchanges location awareness information such as 
received signal strength (RSS) information or time of arrival 
(TOA) information by using a sensor network such as a Zig 
bee network. For example, whenever a timer expires by timer 
operation, that is, periodically, the transceiving unit 110 
requests location awareness information from nodes loca 
tions of which have been known and nodes locations of which 
have been estimated (hereinafter, referred to as location-esti 
mated nodes). Then, the transceiving unit 110 receives the 
location awareness information, and provides the information 
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4 
to the location estimating unit 120. To this end, the location 
awareness apparatus 200 further includes a timer 150 that is 
con?gured to generate a timing signal for periodic exchange 
of the location awareness information. 
The location estimating unit 120 estimates a location of a 

blind node by using weighted maximum likelihood estima 
tion (MLE) at a speci?c unit block in a network on the basis 
of the location awareness information provided from the 
transceiving unit 110. A value that minimizes the maximum 
likelihood (ML) function may be used for the location esti 
mation of the blind node. 
The ML function is expressed by the following Equation 

(4) 

jelWi) 

2 (4) 

Variables of the ML functions are as follows: 

6: blind node, 6:[6l, . . . , 6”], i for l . . .n, 6i:{xi,yi}, 

p: reference node, p:[pn+l, . . . , pmm], i for n+1 . . . n+m, 

pi:{xis yii’s 
y: all ofnodes existing in a network, y:{x|xe6U p}, for l . . . 
n+m, Yi:{xisyii’s 

4); all of location-calculated nodes among blind nodes, 
q):{x|xe The set of location4estimated nodes in 6}, and 

N(i): index of nodes usable as a reference node among neigh 
bor nodes of node 61-, N(i):{x|yxe{q)/\p}Ayxe The set of 
neighbor devices of 61-} 
In Equation (4), ej serves as a weight of an in?uence degree 

of information of each node in MLE calculation. That is, 
when e]. is 0, the in?uence degree is maximiZed, and when e]. 
is greater than 0, the in?uence degree on the ML function 
degreases. In the case of a reference node, the value of el. is 0. 
In the case of a blind node, the value of el- is expressed by 
applying a weight rate (w) to a Cramer-Rao low bound as in 
the following Equation (5) 

The weight rate (w) applied for el- is determined experimen 
tally as a value having a minimum mean location-estimation 
error. The standard deviation 0 is an environment variable and 
varies with a location-estimation application environment. 
The weight rate (w) must be selectively used according to a 
change of the standard deviation 0. 
The location estimating unit 120 can calculate estimate 61 

that minimiZes the ML function by using a method employing 
a nonlinear conjugate gradient method (N CGM). 
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In the method employing the NCGM, a Polak-Ribiere 
algorithm having a characteristic of fast convergence may be 
used to improve a calculation speed. The Polak-Ribiere algo 
rithm is as folloWs: 

amiminimiles f (Xm + 040%) 

Prior to the application of the Polak-Ribiere algorithm, a 
pre-treatment that selects proper initial x may be performed. 
As a line search algorithm for calculating (1.0-) in the Polak 

Ribiere algorithm, a secant method modi?ed suitably for the 
ML function may be used. The line search algorithm is as 
folloWs: 

log2(l +17), r] z 0 Mr 
17 = 

em] : choose an arbitrary 

The derivative f‘(x, y) used to apply the line search algo 
rithm can be derived from the ML function and is expressed as 

a partial derivative With respect to x of f‘(x, y) is derived as 
folloWs. 

n 

13 
a—f(x, y), a partial derivative With respect to y of f’(x, y) 
y 

is derived as folloWs: 

The location estimating unit 120 can calculate estimate 01 
that minimiZes the ML function by using a method that mini 
miZes the MLE through repetitive calculation in a search 
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6 
space. That is, the location estimating unit 120 calculates the 
ML function With respect to initial arbitrary coordinates (X, 
Y) in the search space, and updates X,Y and calculate the ML 
function repetitively until coordinates (X, Y) that minimiZe 
the ML function are obtained. The method of minimizing the 
MLE through the repetitive calculation in the search space 
alloWs a considerably simple con?guration in implementa 
tion. 

The location calculating unit 130 calculates a location of a 
corresponding blind node through interaction With the loca 
tion estimating unit 120. The location calculating unit 130 
calculates a current location based on the location aWareness 
information from the transceiving unit 11 0 and the estimate 01 
that minimiZes the ML function. 
The location aWareness unit 140 provides location aWare 

ness results of blind nodes existing in a netWork by using the 
location estimating unit 120. That is, the location aWareness 
unit 140 performs the overall location aWareness based on the 
location aWareness results of a unit block. Also, the location 
aWareness unit 140 provides collaborative location aWareness 
betWeen nodes, and continuously re?ects the location aWare 
ness results of peripheral nodes, thereby reduce an error of the 
location aWareness result. That is, the location aWareness unit 
140 repetitively re?ects the location aWareness results of the 
peripheral nodes to perform the location estimation and 
update the location aWareness results. This Will noW be 
described With reference to FIG. 3. 

FIG. 2 shoWs a collaborative location aWareness algorithm 
according to an embodiment of the present invention. Refer 
ring to FIG. 2, a blind node estimates its location by using a 
reference node and a location-estimated blind node among 
neighbor nodes. Also, the blind node continuously repeats 
location estimation and updates according to location estima 
tion periods of the nodes, and thus improves the location 
aWareness result based on the updated information of the 
neighbor nodes. In FIG. 2, a black dot indicates a reference 
node, a White dot indicates a blind node, a solid line indicates 
a node used for location aWareness, and a dotted line indicates 
a node that is a neighbor node but not used for the location 
aWareness. The node used for the location aWareness means a 
node that exchanges information for the location aWareness 
With the corresponding node. The exchanged information 
may include RSS information, TOA information, a Weighted 
Cramer-Rao loW bound, node coordinates, or estimated coor 
dinates information. Each of the nodes periodically updates 
the location aWareness result to calculate a neW location and 
re-calculate the CRB. 

FIG. 3 is a ?owchart of a method for collaborative location 
aWareness based on Weighted likelihood estimation accord 
ing to an embodiment of the present invention. 

Referring to FIG. 3, When location aWareness is requested 
in operation S310, the transceiving unit 110 exchanges loca 
tion aWareness information With peripheral nodes in opera 
tion S320. That is, When a location aWareness process is 
initiated due to timer expiration or the like, the transceiving 
unit 100 exchanges the location aWareness information With a 
reference node and a location-estimated blind node among 
neighbor nodes. As mentioned above, the location aWareness 
information may include RSS information, TOA information, 
a Weighted Cramer-Rao loW bound, node coordinates, or 
estimated coordinates information. The blind node among the 
neighbor nodes provides the location aWareness information 
through location estimation, and the reference node may pro 
vide determined location aWareness information. 

In operation S330, the location estimating unit 120 esti 
mates a location of a blind node by using Weighted maximum 
likelihood estimation (MLE) of a speci?c unit block in a 
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network on the basis of the location awareness information 
provided from the transceiving unit 110. 
As mentioned above, an estimate that minimiZes a maxi 

mum likelihood (ML) function may be used as a location 
estimate of the blind node, and the ML function is expressed 
by the above Equation (4). In Equation (4), e]. serves as a 
Weight of an in?uence degree of information of each node in 
the MLE calculation. That is, When ej is 0, the in?uence 
degree is maximized, and When e]. is greater than 0, the in?u 
ence degree on the ML function degreases. In the case of a 
reference node, the value of el- is 0. In the case of a blind node, 
the value of el. is expressed by applying a Weight rate (W) to a 
Cramer-Rao loW bound as in the above Equation (5). 

The location estimating unit 120 can calculate the estimate 
01- that minimiZes the ML function by using a method employ 
ing a nonlinear conjugate gradient method (NCGM) or by 
using a method that minimiZes the MLE through repetitive 
calculation in a search space. 

In operation S340, When the location estimation is com 
pleted, the location calculating unit 130 calculates a location 
of the corresponding blind node through interaction With the 
location estimating unit 120. 

In operation S350, the location aWareness unit 140 con 
ver‘ts relative location information calculated by the location 
calculating unit 130 into substantial location information 
required in application of the entire netWork, and provides the 
information. That is, the location aWareness unit 130 converts 
relative location coordinates With reference to a peripheral 
node into coordinates applied to the entire application Zone. 
Also, the location aWareness unit 140 alloWs repetitive opera 
tions of S310 to S350, thereby providing repetitive collabo 
rative location aWareness betWeen the nodes. Accordingly, 
the overall location-aWareness performance can be improved 
Without being greatly affected by a fading situation of a 
location estimation environment. In an actual experiment, the 
standard deviation of a path-loss model Was 3 in 400 square 
meters, and the mean location-aWareness error of blind nodes 
Was calculated, using 4 reference nodes and 9 blind nodes. In 
this case, a result reveals that the collaborative location 
aWareness algorithm based on the Weighted MLE according 
to an embodiment of the present invention achieves perfor 
mance improvement of approximately 43% as compared to 
the related art algorithm by N. PatWari. 

In the apparatus and method for collaborative location 
aWareness based on Weighted MLE according to an embodi 
ment of the present invention, a Weight is applied to informa 
tion of a blind node according to a location-aWareness error 
limit of the corresponding node in location estimation, so that 
performance associated With a location-aWareness error and 
standard deviation can be improved. Also, since the blind 
node repetitively performs collaborative location aWareness 
With a reference node and location-estimated blind nodes 
among neighbor nodes, the location aWareness error can be 
minimized, and location aWareness performance can be 
improved. 
As the present invention may be embodied in several forms 

Without departing from the spirit or essential characteristics 
thereof, it should also be understood that the above-described 
embodiments are not limited by any of the details of the 
foregoing description, unless otherWise speci?ed, but rather 
should be construed broadly Within its spirit and scope as 
de?ned in the appended claims, and therefore all changes and 
modi?cations that fall Within the metes and bounds of the 
claims, or equivalents of such metes and bounds are therefore 
intended to be embraced by the appended claims. 
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8 
What is claimed is: 

1. An apparatus for collaborative location aWareness based 
on Weighted maximum likelihood estimation (MLE), com 
prising: 

a transceiving unit con?gured to transmit/receive location 
aWareness information; 

a location estimating unit con?gured to perform location 
estimation of a speci?c unit block in a netWork by using 
Weighted MLE on the basis of the location aWareness 
information, the Weighted MLE being obtained by 
applying a Weight on the basis of a Cramer-Rao loW 
bound of a neighbor node Which is used in the location 
estimation and the Weighted MLE using the Weight 
applied according to Whether the location aWareness 
information is received from a reference node or another 
blind node; 

a location calculating unit con?gured to calculate a loca 
tion of a blind node having an unknoWn location by 
using the location aWareness information and an esti 
mate of the location estimating unit; and 

a location aWareness unit con?gured to perform collabo 
rative location aWareness betWeen the location-calcu 
lated blind node and peripheral nodes and calculate 
overall locations of the nodes. 

2. The apparatus of claim 1, Wherein the transceiving unit 
periodically exchanges the location aWareness information 
With nodes locations of Which have been knoWn and nodes 
locations of Which have been estimated. 

3. The apparatus of claim 2, further comprising a timer 
con?gured to generate a timing signal for periodic exchange 
of the location aWareness information. 

4. The apparatus of claim 1, Wherein the location estimat 
ing unit estimates a location of a corresponding blind node by 
using a maximum likelihood (ML) function expressed as: 

2 

Where, 
0,: value that minimiZes the maximum likelihood (ML), 
dl-J: Euclidean distance from the nodes i to j, 

6: blind node, 6:[61, . . . , 6”], i for l . . . n, 6i:{xi,yi}, 

ej: Weight of an in?uence degree of information of each 
node in MLE calculation, and 

N(i): index of nodes usable as a reference node among 
neighbor nodes ofnode 6i, 

N(i):{x|yxe{q)Up}Ayxe The set ofneighbor devices of 61.}, 
Where, 

p: reference node, p:[pn+l, . . . 

pi:{xi, yii” 
y: all of nodes existing in a netWork, y:{x|xe6/\p}, for 

l . . . n+m, yi:{xi, yi}, and 

, pmm], i for n+1 . . .n+m, 

4); all of nodes locations of Which have been calculated 
among blind nodes, 

q):{x|xe The set of location4estimated nodes in 6}. 
5. The apparatus of claim 4, Wherein the Weight is Zero in 

the case of the reference node. 

6. The apparatus of claim 4, Wherein in the case of the blind 
node, the Weight is a value obtained by applying a Weight rate 
(W) to a Cramer-Rao loW bound, expressed as: 
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0, vi-Ep 

2 diff 
jelWi) 

Where, 

h = W eres 2 

7. The apparatus of claim 4, wherein the location estimat 
ing unit determines 61- that minimizes the ML function as a 
location estimate of the corresponding blind node. 

8. The apparatus of claim 7, Wherein the location estimat 
ing unit calculates 61- that minimiZes the ML function by using 
a method employing a nonlinear conjugate gradient method 
(NCGM). 

9. The apparatus of claim 8, Wherein in the method employ 
ing the NCGM, the location estimating unit calculates 61- that 
minimiZes the ML function by using a Polak-Ribiere algo 
rithm employing a line search algorithm of a secant method 
modi?ed suitably for the ML function to improve a calcula 
tion speed. 

10. The apparatus of claim 7, Wherein the location estimat 
ing unit calculates 61- that minimiZes the ML function by using 
a method that minimiZes the MLE through repetitive calcu 
lation in a search space. 

11. The apparatus of claim 1, Wherein the location aWare 
ness unit performs location estimation and updates a location 
aWareness result, repetitively re?ecting location aWareness 
results of the peripheral nodes. 

12. The apparatus of claim 1, Wherein the location aWare 
ness information includes received signal strength (RSS) 
information, time of arrival (TOA) information, a Weighted 
Cramer-Rao loW bound, node coordinates, or estimated coor 
dinates information. 

13. A method for collaborative location aWareness based 
on Weighted maximum likelihood estimation (MLE), com 
prising: 

exchanging location aWareness information With a refer 
ence node and a location-estimated blind node having an 
unknown location among peripheral nodes When loca 
tion aWareness is requested; 

performing location estimation based on Weighted MLE, 
the Weighted MLE being obtained by applying a Weight 
on the basis of a Cramer-Rao loW bound of a neighbor 
node Which is used in the location estimation and the 
Weighted MLE using the Weight applied according to 
Whether the location aWareness information is received 
from a reference node or another blind node; 

performing location calculation by using the location 
aWareness information and an estimate obtained through 
the location estimation; and 

providing location aWareness results of blind nodes. 
14. The method of claim 13, Wherein the exchanging of the 

location aWareness information comprises periodically 
requesting the location aWareness. 

20 

25 

30 

40 

45 

50 

55 

60 

65 

10 
15. The method of claim 13, Wherein the location aWare 

ness information includes received signal strength (RSS) 
information, time of arrival (TOA) information, a Weighted 
Cramer-Rao loW bound, node coordinates, or estimated coor 
dinates information. 

16. The method of claim 13, Wherein the performing of the 
location estimation comprises estimating a location of a blind 
node by using a maximum likelihood (ML) function 
expressed as: 

@; : argminz 
jeN ' 

where, 
61-: value that minimiZes the maximum likelihood(ML), 
dl-J: Euclidean distance from the nodes i to j, 
6: blind node, 6:[61, . . . , 6”], i for l . . . n, 6i:{xi,yi}, 

ej: Weight of an in?uence degree of information of each 
node in MLE calculation, and 

N(i): index of nodes usable as a reference node among 
neighbor nodes ofnode 6i, 

N(i):{x|yxe{q)/\p}Ayxe The set ofneighbor devices of 61-}, 
Where, 

p: reference node, p:[pn+l, . . . 

pi:{xi, yi}$ 
y: all of nodes existing in a netWork, y:{x|xe6Up}, for 

l . . . n+m, yi:{xi, yi}, and 

4); all of nodes locations of Which have been calculated 
among blind nodes, 

q):{x|xe The set of location4estimated nodes in 6}. 
17. The method of claim 16, Wherein the Weight is Zero in 

the case of the reference node. 
18. The method of claim 16, Wherein in the case of the blind 

node, the Weight is a value obtained by applying a Weight rate 
(W) to a Cramer-Rao loW bound, expressed as: 

19. The method of claim 16, Wherein the performing of the 
location estimation comprises determining @- that minimiZes 
the ML function as a location estimate of the corresponding 
blind node. 

20. The method of claim 19, Wherein the performing of the 
location estimation comprises calculating 61. that minimiZes 
the ML function by using a method employing a nonlinear 
conjugate gradient method (NCGM). 

21. The method of claim 20, Wherein, in the method 
employing the NCGM, 61- that minimiZes the ML function is 
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calculated by using a Polak-Ribiere algorithm employing a 
line search algorithm of a secant method modi?ed suitably for 
the ML function to improve a calculation speed. 

22. The method of claim 16, Wherein the performing of the 
location estimation comprises calculating 61- that minimiZes 
the ML function by using a method that minimizes the MLE 
through repetitive calculation in a search space. 

23. The method of claim 13, further comprising periodi 
cally repeating the operations of claim 13 to provide repeti 
tive collaborative location-aWareness betWeen the nodes. 

24. A computer-readable recording medium storing a pro 
gram for executing a method for collaborative location aWare 
ness based on Weighted maximum likelihood estimation 
(MLE), the method comprising: 

exchanging location aWareness information With a refer 
ence node and a location-estimated blind node having an 

12 
unknown location among peripheral nodes When loca 
tion aWareness is requested; 

performing location estimation based on Weighted MLE, 
the Weighted MLE being obtained by applying a Weight 
on the basis of a Cramer-Rao loW bound of a neighbor 
node Which is used in the location estimation and the 
Weighted MLE using the Weight applied according to 
Whether the location aWareness information is received 
from a reference node or another blind node; 

performing location calculation by using the location 
aWareness information and an estimate obtained through 
the location estimation; and 

providing a location aWareness result of blind nodes. 


